We have analyzed several randomly selected mRNAs, of the relatively abundant category, on the basis of maternal or zygotlc origin and translational efficiency at different developmental stages. For this purpose, clones from a Xenopus embryo cDNA library were hybridized with cDNA probes prepared with poly(A)-t-RNA from polysomes and from mRNPs of embryos at different stages. The results obtained indicate that the majority of the relatively abundant mRNAs (38 out of 61) is subject to some kind of translational regulation during embryogenesis. Moreover, 30 clones have been selected as corresponding to mRNAs that behave, from the point of view of transcrlptional and translational regulation, similarly to previously studied ribosomal protein (rprotein) mRNAs. Sequence analysis of 20 of these selected cDNAs has shown that half of them are in fact homologous to already sequenced r-proteln mRNAs. Unexpectedly we have found that also the mRNA for a-cardiac actin and another mRNA homologous to creatine kinase M mRNA have a similar translational regulation during embryogenesis.
INTRODUCTION
Translational control is an important physiological mechanism of gene regulation in eukaryotic cells. Examples of translationally regulated systems include: yeast transcription factor GCN4 (1, 2) , heat shock proteins (3, 4) , viral proteins (5), ferritin (6) and ribosomal proteins (7) (8) (9) (10) (11) (12) (13) (14) (15) . In some particular situations translational regulation involves large heterogeneous populations of mRNAs. For instance, in the oocytes of many animal species, the pattern of protein synthesis changes dramatically after meiotic maturation and fertilization as a consequence of translational activation of stored messengers (16) .
Besides this activation of maternal mRNAs, a specific translational regulation of the synthesis of ribosomal proteins has also been described during Xenopus development (17 and references therein). Ribosomal protein mRNA is not of maternal origin but is synthesized after stage 8 of embryogenesis (midblastula transition). It then remains for more than 20 hours stored in mRNPs and is loaded on polysomes only after stage 26 (8) (9) (10) . However this pattern of expression has been verified for only the few r-proteins whose cDNAs or genes have been so far isolated and studied (10, (18) (19) (20) .
The work presented here has been carried out with two main aims: 1) to obtain information concerning how widespread is translational regulation during embryo development; 2) to take advantage of this analysis to identify clones for more r-proteins. For this purpose we have devised a screening method based on the typical transcription and translation patterns of r-protein genes during Xenopus development.
A similar analysis of a Xenopus cDNA library has been carried out by Dworkin and Dawid (21, 22) . However this was accomplished when translational regulation was thought to represent mainly a peculiarity of maternal mRNA storage, before the description and study of translational regulation of ribosomal protein synthesis.
RNA was extracted from total embryos, or from precipitated polysomal and mRNP fractions, essentially as described (24) , and the poly(A) + RNA purified by oligo(dT) cellulose.
Screening of the cDNA library Single colonies of a plasmid cDNA library of stage 40 Xenopus embryo (25) , were grown separately in 50 /tl broth in the wells of Falcon 96 well microtiter plates. Fifty fil of glycerol were added to each well and the plates were stored at -70°C. From each plate, replica filter were prepared using the Falcon F.A.S.T. system, incubated overnight at 37°C and treated for colony hybridization by standard procedures (26) . The probes were prepared by reverse transcription of poly(A) + RNA of various origins (27) . Hybridization was carried out as indicated in the manual of filter membrane (Hybond-N, Amersham).
DNA sequencing and computer analysis Sequencing was done by the dideoxy method (28), using as sequencing primer an oligonucleotide complementary to the embryos. Figure 1 shows as an example the 5 hybridizations of part of a filter, including two available r-protein clones as controls. The exposure times of the autoradiographs have been chosen to give, for the controls, a pattern of signals consistent with previous studies. To make the analysis easier, the autoradiographic films obtained with probes 2) and 3) have been superimposed so that the two hybridization signals relative to each colony are close to each other, mRNPs above and polysomes below. The same procedure has been carried out for probes 4) and 5). It appears that most of the clones (about 87% of the 480 clones analyzed) give a faint hybridization signal with all the five probes. They represent the low-abundance mRNAs that are in fact expected to be about 80-90% of total mRNA (16, 21, 22) . In this work we will consider only the remainder 13% (61 clones) that give stronger signals at least with one of the five probes. Table 1 shows the classification of these 61 clones according to the relative hybridization intensities with the 5 probes. Classes I to IV include mRNAs that are not present at stage 7. They are the result of zygotic synthesis as transcription during Xenopus embryogenesis is reactivated only at stage 8 (mid-blastula transition). On the contrary classes V to VIII include mRNAs that are already present during early embryogenesis and thus are of maternal origin (although a zygotic synthesis is also possible). Within each of these two main categories we make the following distinctions: mRNAs that are mostly loaded on polysomes at both stages 17 and 35 (classes I and V); mRNAs that are mostly stored in mRNPs at both stages (classes IV and Vm); mRNAs that are stored on mRNPs at stage 17 and on polysomes at stage 35 (classes HI and VH) and viceversa (classes II and VI).
Identification of r-protein cDNA clones
According to our expectations r-protein clones should be found in class HI. In fact rp-mRNAs are not of maternal origin, and thus not present at stage 7. At stage 17, due to their translational control, they are mostly stored in mRNPs whereas at stage 35 they are mostly loaded on polysomes. For instance, in Figure 1 the clone with coordinates C-3 (clone 5 -42) behaves similarly to the r-proteins used as control. As shown in Table 1 , class III includes 30 clones, that is about 6% of the 480 clones analyzed. This number is consistent with our previous studies that indicated that rp-mRNA represents about 5-10% of total mRNA (18) , and suggests that most if not all class HI clones might in fact correspond to r-proteins.
We have sequenced 150-200 nucleotides of 20 out of the 30 class m clones (putative ribosomal protein cDNAs). The best read 100 nucleotides of each clone were used for sequence analysis. A comparison of these sequences with the EMBL sequence data bank has revealed that 10 of them can be identified as r-proteins by homology to already known r-proteins. As indicated in Table 2 , three were found to be identical to Xenopus laevis rpSl (30) and rpL14 (31) and six were very similar to r-protein sequences of organisms different from Xenopus. Figure 2 shows the homologies of these clones with rat ribosomal protein whereas homologies (100%) with Xenopus sequences are not shown. We used rat as an example of mammalian r-proteins since the correspondent sequences from other species (man, mouse) showed essentially the same homology. The degree of homology is variable between the different clones with many silent substitutions that, as already observed for other r-proteins (32), make the deduced aminoacid sequence more conserved than the nucleotide one. Thus, although the sequence data are partial, we believe that they are sufficient to identify the clones. On the other hand eight of the sequenced clones did not display any significant homology when compared with the data bank; we expect that at least some of these represent new r-protein clones. Table 2 and figure 2 also show that two of the 20 class HI clones sequenced, are homologous to already known sequences other than ribosomal proteins. Clone 6-39 is identical to Xenopus acardiac actin (33) . It includes the last four aminoacids and the 3' untranslated region (138 nt). This feature has allowed us to use it as a probe on Northern blots without problems of crosshybridization with other actins. The pattern of transcription we have observed in the screening (not shown) is consistent with previous studies on actin gene expression during Xenopus development: a-cardiac actin mRNA is first detected at stage 14 and increases thereafter (34) . However the translational utilization of the mRNA had never been studied, so we decided to confirm by Northern analysis of polysome gradient RNA the results we obtained from the screening. Figure 3 shows the distribution of the a-cardiac actin mRNA between polysomes and mRNPs in different stages of development. About 55% of a-actin transcripts are stored on mRNPs at stage 17 while most of them (about 85 %) are loaded on polysomes at stage 35. This indicates that a-cardiac actin synthesis is translationally regulated during Xenopus early embryogenesis. However to understand the physiological relevance of this regulation as well as its relationship with rprotein synthesis further investigations are required.
Non-ribosomal proteins
Another class HI clone, 4-65, showed homology with mammalian creatine kinase M. In figure 2 is reported the homology with the human sequence (35) . The incomplete sequence data and the degree of homology allow only a tentative identification of this clone. Translational control has been described for creatine kinase B in a human cell line (36) but no data were available on creatine kinase mRNA translation during Xenopus development. Also in this case we used the clone 4-65 as a probe on Northern blots of mRNA from polysome gradient fractions of Xenopus embryos at different stages ( fig. 3) . The size of the hybridization signal is consistent with the identification of the clone as creatine kinase M (about 1600 nt). Similarly to a-cardiac actin, the mRNA appears to be translationally controlled, being partly (about 50%) stored on mRNPs at stage 17 and fully (about 90%) loaded on polysomes at stage 35. In order to further show the reliability of the screening method, we used class I clone 3-88 as a control on the same Northern blot ( fig. 3 ). Sequence data (not shown) evidenced a partial homology of clone 3-88 with chicken troponin C (37) and the size of the hybridization signal is consistent with the identification (about 700 nt). The translational pattern of this mRNA is the 
CONCLUSIONS
The results presented here, although limited to the relatively abundant mRNAs, indicate that translational regulation is widely and differently used during Xenopus embryogenesis. In fact most of the relatively abundant mRNAs appears to be stored on mRNPs at least at one of the two stages analyzed. This translational control is not limited to the phenomenon of storage of maternal mRNAs; in fact many translationally regulated mRNAs are not of maternal origin but are accumulated after the mid-blastula transition.
The case of translational regulation of ribosomal protein synthesis during Xenopus embryogenesis has been well characterized (8, 9, 17) . According to the model presented by Pierandrei-Amaldi and coworkers (38) translation of rp-mRNA would be regulated (presumably indireclty) by the amount of nontranslating ribosomes present in the cell. Up to stage 17 the presence of a large amount of stored maternal ribosomes would prevent rp-mRNA utilization. Their translation would be activated at later stages by the decrease of ribosome reserve.
We have isolated some cDNA clones corresponding to mRNAs that during Xenopus embryogenesis behave, from the point of view of transcriptional and translational regulation, like r-proteins that have already been studied. Ten out of twenty sequenced clones of this category are in fact homologous to the following r-proteins: XlrpSl (30), XlrpL14 (31), RrpS4 (39), RrpL27a (40), RrpSl 1 (41), RrpL28 (40), RrpL21 (42), RrpL26 (43). Two clones, that is the 16% of the identified ones, were other than ribosomal (see below). Thus most of the clones that do not have counterparts in the data bank as well as those not yet sequenced, can be considered probable clones for new r-proteins. Their identification can now be done by hybrid selected translation or by cloning full length cDNAs and comparing in vitro or bacterial synthesized proteins with r-protein markers on 2D-gel electrophoresis.
One of the two non r-protein clones mentioned above corresponds to Xenopus a-cardiac actin (33) . The other one is homologous to mammalian creatine kinase M but its identification is uncertain since the homology could be due to a common protein domain. These two clones are also translationally regulated during Xenopus development but the significance of this regulation in the developmental context remains to be investigated.
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